Abstract. The aim of this study was to explore the expression of heparanase (HPA) in metastatic lymph nodes (LNs) of cervical cancer and to evaluate HPA as a marker of micro-metastasis of LNs. Immunohistochemistry was performed to detect the expression of HPA in 53 cases with metastasis of LNs (group A) and 49 cases without (group B). Scoring was determined based on the intensity of immuno staining and the size of the staining area. Three points or higher score was considered as positive. Among all cases, the positive rate of HPA was 76.5% in primary lesions and 84.9% in both primary lesions and metastatic LNs in group A. In group B, the rates were 67.3% in primary lesions and 8.2% in metastatic LNs. The expression of HPA in group A was significantly higher than that in group B (P<0.05). Compared with stage IA-IB and well-differentiated and non-metastatic LNs, the LNs of stage IIA and moderately/poorly differentiated and metastatic LNs expressed higher HPA (P<0.05). The overall 5-year survival rate was 73.3% and the median overall survival time (MOS) was 49.0 months. The MOS of the two groups was 36.0 and 58.5 months, respectively (P=0.023); the MOS of patients with positive HPA expression was distinctly lower than that of negative patients (P=0.040). Clinical staging, degree of differentiation, lymph node metastasis and expression of HPA notably affected patient prognosis; lymph node metastasis and expression of HPA were independent risk factors affecting patient prognosis (P<0.05). Our study demonstrated that high-level expression of HPA in cervical cancer was involved in LN metastasis, further impacting on patients' long-term survival. The clinical value of HPA requires further in-depth study.
Introduction
Cervical cancer is the most common female genital tract tumor in developing countries, with patients eventually succumbing to tumor invasion and metastasis. Lymph node (LN) metastasis is the most frequent route of metastasis in cervical cancer, and this is also a vital indicator in predicting the prognosis of patients and identifying patients requiring postoperative adjuvant therapy with radiation therapy (RT) and/or chemotherapy. Studies have revealed that the pelvic LN metastasis rate of early stage cervical cancer [International Federation of Gynecology and Obstetrics (FIGO) stage IA1-IB1] is 0%-29.3%, whereas the rate of locally advanced patients (FIGO stage IB2-IIB) is as high as 12%-61.8% (1, 2) . The 5-year survival rate of patients with LN involvement decreases from 85% to 50% (3) . The number of metastatic pelvic and abdominal LNs is associated with patients' long-term survival (4) . Radical hysterectomy and LN dissection is the main treatment of early cervical cancer. However, LNs dissected in this process are mostly non-metastatic, and thus may result in unnecessary intraoperative and postoperative complications. Conversely, certain micro-metastatic LNs are not correctly diagnosed or do not receive proper postoperative adjuvant treatment, and in consequence may be the main cause of rapid relapse. Even when LNs are negative, the recurrence rate of surgically treated patients reaches 10-15%, among which the majority suffer from pelvic relapse (1, 5) . The malignant transformation and lymphatic drainage of human papillomavirus (HPV)-infected atypical cells most probably account for the relapse of patients with negative LNs (2, 6, 7) .
HPV infection is the most commonly observed sexually transmitted disease (8, 9) , and is responsible for 99% cases of cervical cancer. More than 200 types of HPV have been identified currently, of which over 40 types have been reported to be associated with reproductive tract infection, including 18 types which are directly connected with the occurrence of cervical cancer, 15 types that have been confirmed to be high-risk types that cause the disease, another 3 clinically suspected high-risk types and 13 identified low-risk types (10) (11) (12) . Other than cervical cancer, HPV also leads to cancer of the anus, oral cavity and esophagus. Although the mechanism by which HPV causes cancer is not fully understand, evidence has indicated that heparanase (HPA) is a significant molecule in this mechanism, and that the high-risk HPV E6 oncogene is capable of inducing overexpression of HPA through a p53-dependent mechanism (13, 14) . HPA is a single mammalian endoglycosidase, whose activity is observed in white blood cells, mast cells, placenta tissues, neutrophilic granulocytes and macrophagocytes. It is associated with cancer progression and aggressive behavior (15) (16) (17) . A previous study demonstrated that the expression of HPA is associated with cancer formation and progression in acute leukemia, bladder cancer, brain tumor, breast cancer, colon cancer, gastric cancer, esophagus cancer among others. For this reason, HPA has become a promising molecule of tumor-targeted therapy, and a variety of anti-heparanase inhibitors have been developed for clinical trials, among which P188 is in phase III clinical trials (18) . Research has identified that high expression of HPA is involved in lymphatic transfer, distant metastasis and poor clinical prognosis of diverse malignant carcinomas including cervical cancer. In 2003, Shinyo et al (19) verified for the first time that the expression of HPA mRNA was promoted in advanced cervical cancer, and patients with vascular and LN involvement demonstrated an extremely high level of HPA, which was due to the close correlation between HPA expression and tumor microvascular density. These authors also confirmed that disease-free survival (DFS) and overall survival in HPA-positive patients was notably lower than in HPA-negative patients, and multiple analysis indicated that HPA expression was an independent prognostic factor. It was affirmed though immunohisto chemistry that the rate of positive HPA protein expression in cervical cancer patients was 63.3%, and that the expression level is correlated with tumor size and clinical stage. Overexpression of HPA inhibited the apoptosis of cervical cancer cell lines in vitro and promoted their proliferation and growth (20) .
On the basis of the above findings, we may conclude that HPA has a close connection with the occurrence, progression and LN metastasis of cervical cancer. However, to date, no research on HPA expression in cervical cancer metastatic LNs has been identified, and the effect of LN metastasis of cervical cancer patients caused by abnormal HPA expression still lacks evidentiary support. To explore the role of HPA in lymphatic metastasis and patients' clinical prognosis, we study the expression of HPA in sentinel LNs of cervical cancer and investigate clinicopathological features of the tumor and patient prognosis. We reveal that the rate of HPA-positive expression in pathologically confirmed metastatic LNs is equivalent to that in the primary lesion, and a significant reduction in the recurrence rate and long-term survival rate is identified in patients with positive HPA expression in LNs. Our study proposes HPA as a significant marker for the diagnosis of micro-metastasis of LN in cervical cancer and a theoretical basis for HPA-targeted therapy of cervical cancer and metastatic LNs simultaneously.
Materials and methods
Patients. We retrospectively reviewed 102 consecutive patients with histologically confirmed cervical squamous cell cancer and well-documented clinical reports, who received standard surgery in the Second Affiliated Hospital of Zhengzhou University, China, between January 2007 and December 2012. Among the patients, there were 53 cases with positive LNs (group A) and 49 negative cases (group B). In group A, the primary lesion and positive LNs were selected, while the primary and all LNs were selected in group B. Slices were secondly confirmed by experienced pathologists through routine pathological methods and no patients had undergone RT/chemotherapy or immunotherapy. The tumor stage was determined according to the 2011 FIGO clinical classification system for cervical cancer (21) . Tumor differentiation was graded according to the World Health Organization (WHO) classification (22) .
Of all cases, 29 were stage IA-IB and 73 were stage IIA, while 38 were well-differentiated and 64 were moderately to poorly differentiated. The complete follow-up data were obtained and the longest maturity was 60 months. Of all cases, 19 suffered a relapse, 12 succumbed to the disease, and the shortest survival period was 7 months. The survival period was calculated from the date of surgery, and the date of mortality or the last follow-up was recorded as the follow-up termination date. The follow-up deadline was December 30, 2012 and the median follow-up time was 56.5 months.
The study was conducted in accordance with the declaration of Helsinki, and with approval from the Ethics Committee of Zhengzhou University. Written informed consent was obtained from all participants.
Reagents and sample processing. Consecutive 4-µm-thick tissue sections were cut from formalin-fixed and paraffin-embedded tissue samples for routine hematoxylin and eosin (HE) staining and HPA and cytokeratin (CK)19 immunohistochemical staining, respectively. CK19 is a squamous epithelial marker. Concentrated rabbit anti-human HPA1 antibody (1:150, sc-25825) was purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). A ready-to-use mouse anti-human CK19 monoclonal antibody (MAB-0056), DAB kit, UltraSensitive TM SP IHC kit, citrate antigen repair fluid, and hematoxylin and eosin were purchased from Maixin.bio (Fuzhou, China).
Immunohistochemistry. Slices were cleaned, dried and wiped with Poly-L-Lysine solution, then set aside after heating at 55-60˚C for 2 h in the oven. Sample sections measuring 4 µm were boiled in citrate buffer liquid (pH 6.0) for antigen repair. The endogenous peroxidases were blocked by rinsing the slides in 10 vol hydrogen peroxide (3%). Slices were incubated with rabbit anti-human HPA monoclonal antibody (1:150, sc-25825) or mouse anti-human CK19 monoclonal antibody (1:150, MAB-0056) overnight at 4˚C followed by a streptavidin-biotin-peroxidase complex compound at room temperature for 10 min and finally washed three times with phosphate-buffered saline (PBS) for 3 min each time. The peroxidase reaction was visualized with a diaminobenzidine (DAB) buffer. The slides were rinsed clean under running water and then counterstained in hematoxylin, dehydrated in 70, 95 and 100% ethanol and xylene, and then mounted with a coverslip by neutral balsam. A negative control sample was obtained by replacing the primary antibody with PBS, while the positive control sample contained confirmed positive specimens.
Determination of positive immunohistochemical results.
Subsequently, the stained and coded sections were assessed by two pathologists blinded to the groups according to the combination of staining density and percentage of positive cells. Staining results were distributed through a 0 to 3 intensity scoring scale: 3, brown/yellow granules in the cytoplasm; 2, yellow granules; 1 or 0, faint yellow granules or no granules, respectively. The positive ratio of cells (number of positive cells / number of total cells x 100%) was calculated at high magnification: 6-25%, 1 point; 26-50%, 2 points; 51-75%, 3 points; ≥75%, 4 points. The final score was the product of the staining density score and the positive cell ratio score, and ≥3 points was considered positive.
Statistical analysis.
The results of immunohistochemical staining were expressed as the means ± standard deviation. The expression of HPA was examined by the χ 2 test. Survival rates were calculated using the Kaplan-Meier method and differences were examined using the log-rank test. Furthermore, the multivariate analysis was determined by the Cox proportional hazards model. These analyses were performed using SPSS version 11.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of HPA in primary lesions and LNs of cervical squamous cancer. Positive HPA expression was detected in primary lesions and metastatic LNs as browny yellow or brown particles, which were located in the cytoplasm and membrane of cancer cells. The HPA level was significantly increased in primary lesions and metastatic LNs of cervical cancer (Fig. 1A and B) . Pathologically diagnosed non-metastatic LNs also demonstrated positive staining in single cell or focal spots. For these samples, consecutive section CK19 immunohistochemical staining was conducted. Then pathologists determined whether there was LN involvement or not according to the HE and CK19 staining status. The location of positive CK19 staining was in accordance with HPA expression sites in HPA-positive LNs ( Fig. 1D and E) .
The expression rate of HPA in primary lesions of cervical cancer was 76.5% (78/102). Correlation between HPA expression and clinicopathological features of cervical squamous cancer. In terms of clinicopathological features, the expression rate of HPA in the LNs of stage IIA patients was distinctly higher that in stage IA-IB patients. In addition, the expression rate of LNs was higher in the moderate and low-differentiated tumors compared with that in well-differentiated tumors. Finally, patients with positive LN metastasis expressed higher levels of HPA than non-metastatic cases. All of these differences were statistically significant (P<0.05, Fig. 1F ). Kaplan-Meier survival analysis indicated that the MOS of the positive metastasis group was distinctly lower than that of the non-metastatic patients, and the difference was statistically significant (P= 0.023) by log-rank test (Fig. 2A) . The MOS of the 49 patients with positive HPA expression was 38.5 months, while the MOS of the 53 negative patients was 57.0 months, indicating that the MOS of cervical squamous cancer patients with positive HPA expression was distinctly lower than that of negative patients (P=0.04, Fig. 2B ). Single-factor Cox regression analysis suggested that clinical staging, differentiation degree, LN metastasis and expression of HPA notably affected patient prognosis (P<0.05); moreover, multiple-factor Cox model analysis indicated that LN metastasis and the expression of HPA were independent risk factors affecting the prognosis of cervical cancer patients (P<0.05, Table I ).
Discussion
Our study demonstrated that the level of HPA expression in pathologically diagnosed metastatic retroperitoneal LNs was as high as that in primary lesions. The expression rate of HPA in LNs of cervical squamous cancer patients was much higher in patients of stage IIA than in those of stage IA-IB. In addition, moderate or poorly differentiated cases expressed more HPA than well-differentiated cases. The long-term survival rate of patients with positive HPA expression was notably lower, which indicated that the expression of HPA was an independent risk factor affecting the prognosis of cervical cancer patients. Hence, our results further confirmed that HPA was abnormally highly expressed in cervical cancer patients and that metastatic retroperitoneal LNs were homologous with primary lesions of cervical squamous cancer, indicating that the abnormal expression of HPA played a significant role in LN metastasis of cervical cancer and was involved in the course of retroperitoneal LN metastasis, thereby facilitating distant metastasis in cervical cancer patients and affecting their long-term survival. HPA plays its biological role via its glycosidase activity, which is involved in degrading heparan sulphate (HS) in the extra cellular matrix (ECM), and in an enzymatic activityindependent manner (23) . HS is a primary component at the interface between virtually every eukaryotic cell and its ECM, and is vital in maintaining biological processes in sick and healthy individuals. HS combines with proteoglycan to form heparan sulfate proteoglycans as three-dimensional structures of the matrix to maintain the connection of normal cells. In certain cases, they not only provide a storage depot for heparin-binding molecules in the cell micro environment, but also decisively regulate their accessibility, function and mode of action by connecting with receptors as signal molecules (24, 25) . Overexpression of HPA in cervical cancer tissues degrades the side chain of heparan sulfate glycosaminoglycan (HS-GAG) connected on perlecan located on the surface of the ECM (26, 27) , which results in the release of multiple cytokines and growth factors that bond to HS-GAG, thus facilitating the transfer of cervical cancer cells to the lymph vessels. HPA plays a significant role in promoting the formation of lymph vessels, which has been reported to be one of the main transfer pathways of malignant cells. Tumor cells produce and release growth factors that are associated with the formation of lymph vessels, including vascular endothelial growth factor (VEGF)-C and VEGF-D, hence inducing formation and transfer (28) . High levels of VEGF-C may be detected in the serum of cervical cancer patients, and the expression of VEGF-C in samples of patients with positive LN metastasis is extraordinarily high in comparison with that of non-metastatic patients (29, 30) . By inhibiting the function of the upstream regulatory factors of VEGF-C, the expression of VEGF-C and its effect of inducing angiogenesis is suppressed (31) . VEGF-C and VEGF, together with the essential lymphangiogenesis factor Proxl, may be involved in the formation of early lymph vessels during the progression of cervical neoplasia, which explains the reason why LN involvement may even be detected in certain early-stage cervical cancers. Although experimental studies that identify the function of HPA in promoting the secretion of VEGF are poorly reported, melanoma, breast and prostate cancer cells with overexpression of HPA cause the level of VEGF-C to increase by 3-5 times, and promote angiogenesis of transplant tumors. Conversely, the silencing of HPA genes reduces the VEGF-C level (32) . The present study revealed that the expression level of HPA in primary lesions of cervical cancer patients with LN metastasis was notably higher than that in non-metastatic cases, which supports the hypothesis that HPA promotes LN metastasis from the point of view of clinicopathology.
When evaluating the role HPA plays in tumor sentinel LN dissemination, Dafni et al (33) observed that Eb tumors with high expression of HPA increased extravasation, interstitial convection and lymphatic drain of the contrast material using dynamic contrast-enhanced magnetic resonance imaging (MRI), and changes in MR contrast enhancement were detectable when only a few Eb cells were identified near and within the nodes. These authors demonstrated that HPA of the tumor cells could promote the release of vascular endothelial growth factor, which triggered secondary angiogenesis during tumor cell cloning in LNs. Our study identified that metastatic LNs have the same HPA expression level as the original tumor site, which theoretically supported their theory. Our results revealed that the prognosis of patients with positive HPA in LNs was poorer than that of patients without HPA expression; this may be due to the promotion of angiogenesis by HPA, which facilitated the formation of tumor cloning and shortened the formation time of the secondary tumor, and ultimately constitutes a threat to long-term survival in patients (33) .
Notably, we observed that out of the 49 clinicopathologically diagnosed patients without metastatic LNs, 4 cases were positive for immunostaining of HPA and CK19, and these cases were identified by an experienced pathologist to have micro-metastasis of the LNs. CK19 is the most common diagnostic marker of LN micro-metastasis in gynecological malignant tumors (7, 34, 35) . Our study revealed that, in the primary lesion and metastatic LNs, the positive expression rate of HPA was over 80% and no less than the rate of CK19, which supported the theory that HPA could be a promising biomarker of LN metastasis in cervical cancer.
For the first time, we confirm that overexpression of HPA may be detected in metastatic retroperitoneal LNs of cervical cancer, and may be involved in lymphatic transfer of cervical cancer and further affect patient prognosis. Our findings support the theory that HPA could be a biomarker for the diagnosis of LN micro-metastasis in cervical cancer, offer a significant basis for the development of positron emission tomography tracers, and provide a promising target marker for the treatment of patients with LN metastasis.
